The conventional syringe/needle/container system for the collection and han~ling of blood samples is compared with the Vacutainer system using evacuated tubes. The relative advantages and disadvantages of both systems are evaluated. Th~Vacutain~r system !s quicker and simpler to use, with greater versatility, producing blood specimens of higher quality a~d at a~ost comparable with that by the syringe system. The PTO.blems of blood contamination during blood sampling and distribution with both systems are discussed,
INTRODUCTION
Three years ago this laboratory abandoned the conventional method of venepuncture by syringe and needle for the collection of all blood specimens and changed to the Vacutainer system (Becton, Dickinson U.K. Ltd."), As the first laboratory to adopt this system exclusively we report a thorough evaluation of its advantages and disadvantages. THE 
B-D VACUTAINER SYSTEM
identified by the colour of the rubber stopper. The commonly used anticoagulants are available, including potassium oxalate, EDTA, sodium fluoride, sodium heparin, lithium heparin, and sodium citrate, together with a wide range of other tubes employing various combinations and concentrations of anticoagulants. Plain glass tubes with and without silicone coating, blood culture tubes containing peptone broth medium, and tubes with glass beads for L.E. cell preparations are also available.
Collection tubes
All Vacutainer tubes are made of glass, and consequently the plain tubes give rapid coagulation with good clot retraction and maximum serum yield. With a system sealed to maintain a vacuum there can be no loss of liquid anticoagulant. Vacutainer tubes have a predetermined vacuum or "draw," which should allow an appropriate volume of blood to be mixed in correct proportion with the anticoagulant. To investigate the reliability of the vacuum the weight of water drawn into a series of tubes, all bearing the same batch number was measured. The results are shown in Table 1 for eight different types of tube.
The precision of the "draw" found experimentally for all the Vacutainer tubes was good. The slight variations in the volume of water aspirated by the different tubes must be compared with the inaccuracies inherent in filling conventional containers with blood from a calibrated syringe or to a mark printed on a gummed label. All the tubes containing liquid citrate anticoagulant had a "draw" greater than that stated by the manufacturers.
During prolonged storage citrate tubes may undergo a partial loss of vacuum, and to maintain the vacuum until the tubes are ready for use they are packed and distributed in evacuated tins. A possible explanation for the excess "draw" might be deliberate over-evacuation on manufacture to compensate for any such loss. 151
• Becton, Dickinson U.K. Ltd., York House, Empire Way, Wembley. Middlesex, HA9 OP8.
The system is specifically designed for the collection of single or multiple blood samples under "closed" conditions. The ability to withdraw blood in volumes ranging from 1 to 50 ml into several bottles with different anticoagulants makes the system versatile. A needle pointed at each end with a threaded collar is screwed into a plastic holder. Then a rubber-stoppered evacuated glass tube is inserted into the holder and gently pushed up to a guide line, the tube being fixed on the needle without perforating the stopper. Venepuncture is then performed in the normal manner, and when the vein is entered the tube is pushed into the holder so that the needle penetrates the stopper (see Fig.) , Blood is then drawn by the vacuum into the tube, the volume aspirated being determined by the degree of vacuum, which is standardized for each range of tubes.
When several samples are required involving a variety of tubes (eg, EDTA, plain, citrate) a multiplesample needle is used which is fitted with a rubber valve sleeving which slides back over the needle when the tube is removed, thus sealing the needle and stopping the blood flow. Another tube can now be inserted and the procedure repeated, so that several different samples can be obtained.
A smaller needle and holder are available for paediatric use. Each range of tubes is readily
A simple time and motion study to compare blood collection by the Vacutainer system with the conventional syringe/needle/container technique showed significant time-saving with Vacutainers, The operation was timed from the moment blood flowed until the tubes or containers were full and capped. From the time blood flowed, the motions involved in the two systems were as follows.
Syringe: (a) Removal of needle from vein, (b) removal of cap from container, (c) removal of needle from syringe, (d) expulsion of blood into container, (e) recapping of container.
Vacutainer: (a) removal of needle from vein, (b) removal of Vacutainer tube from needle holder.
Measurement was made of the times taken to obtain a single 3 m.1 sample and a 20 ml sample divided into three containers by Vacutainer and by syringe ( Table 2 ). The conventional syringe method takes longer because there are three additional stages to complete the blood sampling. There is no difference in the actual time taken for venepuncture, but laboratory staff with experience of both systems prefer the speed and simplicity of Vacutainers. If the needle fails to enter the vein at the first attempt the vacuum will be retained if the tube is partially withdrawn within the holder before removing the needle from the skin.
HAEMOLYSrS
There is significantly less haemolysis by the Vacutainer system, probably owing to the standardization of the vacuum, blood flow, and turbulence within the system instead of the manual suction and subsequent ejection employed with the conventional syringe/needle/container technique. Professor J. W. Stewart (personal communication) has provided figures from which Table 3 is compiled.
BLOOD CONTAMINAnON
Because blood is drawn through a closed system into sample tubes the possibility of blood contaminating the external surfaces of the tubes or of aerosol spray contaminating the hands is eliminated. This is a hazard when sample containers are filled directly from a syringe under normal working conditions. High-risk serum or plasma can be subsampled from the original collection tube into a second Vacutainer using the same closed-system technique. A special needle adaptor screwed into a plastic holder and fitted with a long sampling needle is inserted through the stopper and into the serum of the original tube, and a second Vacutainer is then filled with the serum, the technique being identical with that used in venepuncture already described. This could be of particular value when distributing sera from patients with hepatitis or known to be Australia (Au) antigen-positive or in renal dialysis units.
The Vacutainer tubes withstand freezing and thawing with no blood leakage round the stoppers; the expansion of the blood on freezing does not force the stoppers out, as the "draw" of each tube never completely fills it with blood. They also withstand transit without leakage.
However, manual removal of stoppers can result in spillage of blood on the hands and formation of aerosol, this depending to some extent on the care exercised by the operator. When the technique recommended by the British Standards Institution (B.S. 4851 :1972) was used to test for spontaneous discharge of contents on opening a complete container, and ultraviolet light to detect traces of a (Carstairs and Coates, 1974) , but the opening of any type of sample tube at present available containing blood is always accompanied by some dispersal of fine droplets of blood or serum. The manufacturers are introducing the grooved stopper into a wider range of their tubes, which should reduce aerosol contamination with blood. Sometimes the valve sleeving on the multiple sample failed to seal the needle completely when the sample tube was withdrawn, so that blood leaked into the holder. The manufacturers have now 
USE OF AUTOANALYZER
Technicon AutoAnalyzer sample modules can be fitted with plates to enable direct sampling from Vacutainer tubes, which obviates the subsampling of blood into conventional plastic cups. The bloodgrouping machine (BG9) and the Technicon Hemalog 8 are designed for use with Vacutainer tubes. The "draw" of these tubes ensures that the volume of blood in each tube is constant, so that the sampler probe after adjustment will remain completely immersed during sampling. The stirring device mixes the samples adequately. The sampler modules for the Technicon SMA/6 and SMA/IZ can be fitted with plates, so that serum can be sampled directly from plain Vacutainers containing clotted blood after preliminary centrifugation. This is suitable only if the samples can be processed within an hour or two of collection. Specimens with a raised PCV will probably require separation of the serum to prevent the aspiration of red cells. The direct sampling technique eliminates the manual transfer of serum by pipette into the small plastic cups which are normally used and reduces the risk of skin contamination by serum.
A simple investigation was designed to assess the effect of the Vacutainer vacuum on serum chloride and bicarbonate concentrations, as it might theoretically be expected to remove COil from the blood and activate the chloride shift in the red cells. Venepuncture was performed with a 20 rnl syringe, and blood was immediately sampled from the syringe through the aperture of the nozzle into a 10 rnl plain Vacutainer. The remaining 10 rnl of blood was then expelled from the syringe into an opened 10 m1 Vacutainer tube and the stopper replaced.
Serum was separated after one hour and the bicarbonate and chloride estimated on a Technicon 6/60 by standard methods. The results (Table 4) show that the Vacutainer vacuum does not cause any significant change in either of these parameters.
When plastic syringes and containers were used there were frequent blockages of the AutoAnalyzer system by fine fibrin clots, but since changing to the glass Vacutainer tube such occurrences have been virtually eliminated. No statistics are available to support this statement, but in a three-month test period with over 200 specimens processed daily by the Technicon 6/60 and 12/60 analysers the laboratory staff did not report a single obstruction. Glass gives better clotting and clot retraction than plastic and yields clear clot-free serum.
BLOOD CULTURE
Blood culture performed with the Vacutainer system utilized a supplemented peptone broth medium. There is evidence (Dalton et al., 1974) that contamination by extraneous organisms such as Staphylococcus epldermidis and micrococci is significantly less than with the conventional sterile syringe and needle technique involving secondary inoculation of a culture medium. The blood culture medium supports the growth of both aerobic and anaerobic organisms, providing an atmosphere of added C02.
STORAGE AND COST
Vacutainers occupy one-third the space required for an equivalent number of syringes, needles, and sample containers, which is an advantage for laboratories with limited storage space when supplies are ordered in bulk. During the last year the cost of Vacutainers used in this laboratory was £2559. The comparable cost of syringes, needles, and containers would have been £2533. St. deviation Technicon 6{60 1.1 (at 100 romol{l) 1.2 (at 28 mmol/I) CoNCLUSIONS
The Vacutainer system has several distinct advantages over the conventional syringe/needle/ container method for blood collection. It is quicker and cleaner for the phlebotomist, and considerable time is saved when bleeding large numbers of patients. The wide range of tubes and different anticoagulants combine to give a comprehensive and versatile system. The blood and serum specimens are of high quality, with complete absence of haemolysis, and Technicon AutoAnalyzers can sample blood specimens directly without subsampling. The slight risk of blood contamination when certain types of Vacutainer tubes are opened must be balanced 155 against similar risks inherent in the process of opening any type of blood container, but the closed Vacutainer system for venepuncture eliminates the potential hazards when sample containers are filled with blood directly from a syringe.
